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Few-Body Form Factors

e Elastic scatteringfrom the deuteronand few-body
systemshas beena major part of the experimental
programof every electronmachine

e Bates NIKHEF, SaclayandSLAC (HEP andNPAS)
have hadhighly successfuprograms

e Physicsimportancejustified developmentof tritium
targetsat BatesandSaclay

e Paperson subjectare amongthe highestcited in
electronucleaphysics

e Subject is integral part of every electronuclear
conference



Elastic Electron-Deuteron Scattering

e CrossSection

2 !
16 =1y [A(@%) cos?(§) + B(Q?) sin’(§)
AQY) = FA(Q)+ 7 F3(Q) + 7P (@)
B@) = or(r+1)F}(Q)

Q? =4EE'sin*(8) 1= Q*/4M?

o . Chage, Quadrupole,Magnetic form
factors

e Forwardanglescattering—

e Backwardanglescattering—
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Polarized e-d Elastic Scattering

o Toseparatdc, Fg, Fs form factorsmustmeasure
apolarizationobserable

e Measurdhetamgetdeuteromanalysingpower
(polarizedtarget, unpolarizedoeam).

e Measure the recoil deuteron tensor polarization
(unpolarizedbeamandtarget).

too =

\/_S [8TFcFg + 872}% + i7[1 4 2(1 + 7)tan?4]G3,]

S = A+ Btan®$
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Deuteron Non-Relativistic Approach

e ImpulseApproximation

e Two-body bound state solved with Schiddinger
equationusingarealistic N N potential

e Darwin-Foldy andspin-orbitRelatvistic Corrections

e Meson-Exchang€urrents
e IsobarConfigurations
e Six-QuarkAdmixtures

e Total Form Factor:

F =Fia+ Fre + Furece + Fire + Fsq
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Deuteron Relativistic Approaches

e ManifestlyCaovariantDynamicsusing3-D reductions
of Bethe-Salpeteezquation

» Lorentztransformationgsrekinematic
» Inclusionof negative enepgy statess dynamic

» Quasi-potentiahpproximation
e GrossequatiofVP®)
o BlackenbecklerSugarequatiorﬁHT)

» Equal-timeapproximation
e Wallace-Mandeteigequation®")

e Light Front Dynamicsusingfield theoriesquantized
onthelight cone

» Conventionalguantummechanics
o SomelLorentztransformationgicludetheinteraction

VDG : VanOrden,Devine andGross
HT :HummelandTjon
PW : PhillipsandWallace



Deuteron Quark-Gluon Approaches
e DimensionalScalingQuarkModel (DSQM)

A(Q?) ~ (@)
B(Q*) ~ (@*)°
e Perturbatre QCD

VAQ?) = /0 /0 dedydl(y, Q)T (x,y, Q)®a(z, Q)

e DeuteronForm Factor

Fi(Q*) = VAQ?) =
[as (@°) ] den

e ReducedeuteronForm Factor

Qz —TIn—"TYm
A2
QCD

Fa(Q%) [%(QQ)]

)= R @7
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Elastic Electron-Helium/Tritium Scattering

e *HefH chageandmagnetidorm factors:

2 2
16 =1 oty [A(Q?) cos?(§) + B(Q?) sin’(§)

F2 2 2 F2 2

B(Q*) = 2mp’Fy(Q7)

Q? =4EE'sin*(%) 7=Q*/4M?

e *He chageform factor

do  Z%a?E’' cos? (g)
BTN - 4 /0 FC
df? 4F3 sin (5)




The Three- and Four-Body Standard M odel

e ImpulseApproximation(lA)

e Solwethenucleargroundstateusing:

Numericalsolutionsof Fadde& equations
CorrelatedHypersphericaHarmonic CCH)
Monte Carlomethods

e VariationalMonteCarlo(VMC)
e GreensFunctionMonte Carlo(GFMC)

e Relatvistic Corrections

Darwin - Foldy
Spin- orbit
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Beyond the Impulse Approximation

e |A alonecannotdescribethe few-body form factor
data

e Position of first diffraction minimum and height
of secondary maximum either overestimatedor
underestimated

¢ Inclusionof Meson-Exchang€urrentdMEC) brings
theoryin betteragreementvith data

Model-independenpion-like exchanges)
Model-dependentransitioncurrents)

e IsobarConfigurationsalculatedo have smalleffects

e Three-BodyForce effects have been shavn to be
small

e Multi-Quark Admixturesin nuclearwave function



Constituent Counting Rules

e Dimensionalkcalingof high enegy amplitudeausing
quarkcounting

e Predictionfor Helium Form factor:

FHe Q2 \/AHe Q2 (Q2)1_3A

A = 3for?He, A = 4 for*He

e Dominance of the constituent-interchangdorce
betweemuarksof differentnucleongo share() /A

Canthis be applicableto the Q? rangeaccessibldy
JLab?
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Scattered Recaill
Electrons Deuterons

Drift Chambers

Calorimeter Scintillators
Scintillators Magnets
Beam To Bea
ﬂ Dump

Electron Hall A
Detectors Plan View

High Resolutio
Spectrometer
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Experimental Apparatus

Coincidencexperiments
e Assume20cmtargetsand70 pA current

Assumeonemonthof beanmtimefor deuterorandone
monthfor 3He

Scenariql): Hall C

Detectelectronan SHMS
Detectrecoil nucleiin HMS

Scenariq2): Hall A

Detect electronsin electromagneticcalorimeter
(ECAL)

Detectrecoil nucleiin MAD
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Elastic *H/°He Comparison

e Differences

Tamgetdensity(F, Fy)
Magneticmoment(£,)
Atomic numbenF¢e, Fu)
Beamenegy (F¢)

e Figureof meritfor 3H:

Fy : ~ sameas’He
Fe :~1/50f3He

e Luminosity is to discover the predicted
secondiffractionminimaof F andF,



Conclusions

e JLabupgradeo 12 GeV idealto significantlyextend
the deuterorand?®He form factorsat higherQ?

e A tritium tamget for DIS measurementsvill also
provideworld classdataonthetritium form factors at

large

e MAD andan electromagneticalorimeterare highly
desirabldor coincidencaneasurements

e Testlimits of the standardmodelof the deuterorand
three-bodysystems

e Explore a possiblebreak-devn and transitionto a
guark-gluondescription



